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In t racorporal ly  implanted mater ia ls ,  such as medical  devices,  wi l l  provoke the body to
in i t ia te an in f lammatory react ion,  This in f lammatory react ion to implanted mater ia ls  is
known as the fore ign body react ion (FBR) and is  character ized by 3 d is t inct  phases:
onset ,  progression,  and resolut ion.  The FBR proceeds in the creat ion of  a dynamic
microenvi ronment that  is  spat ia l ly  wel l  organized,  This react ion is  regulated by soluble
mediators,  most  l ike ly  cytok ines,  chemokines,  and matr ix  metal loprote inases (MMPs),
which are produced local ly  by surrounding t issue cel ls  and inf i l t ra t ing in f lammatory
cei ls ,
Key p layers in  th is  process uch as macrophages,  PMNs, g iant  ce l ls  and vascular
endothel ia l  ce l ls  communicate through these secreted soluble mediators,  To gain
ins ight  in  the regulat ion of  the FBR, the k inet ics of  so luble mediators dur ing the FBR
was studied in  th is  thesis  wi th focus on cytok ines,  chemokines,  and on proteases that
modi fy  the ECM i ,e.  MMPs, Besides,  the ro le of  pur inerg ic  P2 receptors in  the FBR was
invest igated,  The nature of  the FBR requires that  the soluble mediators act  in  a spat ia l
and temporal ly  regulated manner as wel l .  This  regulat ion is  wel l  known for  several
in f lammatory processes,  but  scarce knowledge x is ts  about  the in t r icate re lat ionship
between the FBR and the expression of  so luble mediators.  By studying these
cytok ines,  chemokines,  MMPs and P2 receptors new targets for  the modulat ion of  the
FBR can be ident i f ied.  Since our  lab and others have found d i f ferences in  FBR
development  between implants locat ions and between species,  the under ly ing
di f ferences in cytok ine,  chemokine and MMP expression were determined,
Chapter  1 g ives an in t roduct ion to the f ie ld of  t issue engineer ing and descr ibes the
progress in  b iomater ia l  development .  Fur thermore,  the stages of  the FBR and the
proposed ro le of  so luble mediators in  th is  process are d iscussed.
The key processes dur ing the in i t ia t ion,  progression,  and resolut ion phase are
discussed in deta i l  in  Chapter  2.  Since we bel ieve that  so luble mediators orchestrate
the cascade of  ce l lu lar  processes that  accompanies the FBR, the ro le of  these
mediators in  cel lu lar  act ivat ion,  angiogenesis,  ext ravasat ion,  migrat ion,  phagocytos is ,
and,  f ina l ly ,  f ibrosrs is  rev iewed.  Fur thermore,  the ro le of  g iant  ce l ls  in  the FBR was
discussed.
I t  has previously  been shown that  the FBR in mice progresses at  a much s lower pace
than in rats .  Mice do not  phagocytose subcutaneously implanted col lagen,  nor  do they
degrade col lagen through extracel lu lar  routes.  In  contrast ,  rats  phagocytose and
degrade subcutaneously implanted col lagen ef f ic ient ly .  Addi t ional ly ,  more
inf lammatory cel ls  ext ravasate and migrate towards implanted b iomater ia l  in  rats ,
instead in mice extensive st roma is  formed ins ide the b iomater ia l6e.  Al though g iant
cel ls  which essent ia l ly  are fused macrophages,  are formed dur ing the FBR both in  mice
and rats,  g iant  ce l ls  are act ive ly  involved in phagocytos is  in  rats  only .  In  chapter  3 we
hypothesized that  the d i f ference in FBR between the two species is  caused by a
di f ference in cytok ine and chemokine xpression.  Therefore,  cytok ine and chemokine
expression levels were determined in col lagen d isks that  had been implanted
subcutaneously in  mice and rats in  t ime.  Dur ing the progression,  genes encoding the
PMN at t ractants CXCLI/KC and CXCL2/MlP2 were expressed h igher  in  mice than tn
rats,  which would expla in the pro longed presence of  PMNs in mice dur ing the FBR.
Addi t ional ly ,  the st rong rnduct ion of  lFNy in rats  coinc ided wi th a h igher  phagocytot ic
act iv i ty  by macrophages.  Throughout  the FBR the expression of  TGFp was const i tu t ive
and h igh in  both species,  but  increased in mice dur ing the progression phase.  This
could expla in the extensive st roma format ion dur ing mur lne FBR, The st ronger
expression of  TNFq and CCL3/MlP1u in mice,  unexpectedly,  d id not  resul t  in  a h igh
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macrophage at t ract ion or  phagocytos is  of the implanted col lagen d isks.  Thus,  most
observed ifferences between species can be explalned by the detected differences in
cytok ine expression.  Select ive inhib i t ion of  these mediators hould be used to ver i fy
th is  re lat ionshio.
Apart  f rom interspecies d i f ferences in  FBR, the FBR also d i f fers between implant
locat ions.  Our group previously  found that  co l lagen d isks implanted on the heart  were
rapid ly  degraded,  whereas as descr ibed above,  the d isks remain in tact  subcutaneously
in mice.  In  chapter  4 we hypothesized that  these d i f ferences could be a resul t  o f
d i f ferences in  cytok ine and matr ix  metal loprote inase (MMP) expression.  Both the
higher in f lux of  leukocytes and lmplant  degradat ion corre lated wi th a h igher  gene
expression of  pro- inf lammatory cytok ines uch as lL-1 and lL-6,  and a lower expression
of  the ant i - in f lammatory c tok ine lL-10.0n the heart .  Fur thermore,  the h igher  supra-
epicard ia l  expression of  PMN at t ractants CXCLl /KC and CXCL2/MlP2 corre lated wi th a
higher  and pro longed PMN inf lux.  The gene expression levels of  co l lagen degrading
MMPs ,  i . e .  MMP8,  MMP13  and  MMP14  were  s im i l a r  i n  subcu taneous  and  sup ra -
epicard ia l  d isks.  However,  the act iv i ty  of  these enzymes was markedly h igher  supra-
epicard ia l ly .  In  addi t ion,  the MMP9 expression was h igher  supra-epicard ia l ly ,
suggest ing a ro le for  th is  enzyme in the degradat ion process.  In  conclus ion,  a s t rong
pro- inf lammatory mi l ieu is  generated af ter  supra-epicard ia l  implantat ion that  enables
prolonged PMN presence and act ivat ion,  This,  together  wi th the h igh supra-epicard ia l
MMP9 level ,  could expla in the observed d i f ference in Col- l  degradat ion between
locat ions.
As d iscussed in chapter  1 and 2,  g iant  ce l ls  are a key character is t ic  of the FBR,
Furthermore,  g iant  ce l ls  are the predominant  co l lagen degraders when th is  mater ia l  is
implanted subcutaneously in  rats .  To determine whether  these g iant  ce l ls  are a lso
involved in orchestrat ion of the FBR, we analyzed the gene expression of  cytok ines,
chemokines,  angiogenic mediators and f ibrot ic  mediatorTGFB in chapter  5.  The gene
expression of  PMN chemoatt ractants,  CXCLI/KC and CXCL2/MlP-2,  was h igh in  GCs
micro-d issected f rom explanted Dacron,  cross- l inked col lagen (HDSC),  and ure ido-
pyr imid inone nd functronal ized o l igocaprolactone wi th added RGD and PHSRN
pept ides (b ioact ive PCLdiUPy).  Conversely,  the gene expression levels of  TGFp and
pro-angiogenic mediators VEGF and FGF were found to be low in these GCs as
compared to the expression levels in  tota l  explants.  GCs rn b ioact ive PCLdiUPy
displayed h igh cytok ine and angiogenic mediator  expression compared to GCs iso lated
from the two other  s tudied mater ia ls ,  whereas chemokine gene expression in  GCs
isolated form HDSC was low.  Thus,  GCs adopt  thei r  ro le and expression prof i le  in
response to the mater ia l  that  is  encountered.  Contro l l ing GC act ivat ion and
inf lammatory mediator  product ion by these cel ls  could therefore open new ways to
regulate the FBR.
Apart  f rom cytok ines and chemokines,  ext racel lu lar  nucleot ides that  are re leased by
act ivated and damaged cel ls  have a lso been impl icated as mediators of  the FBR.
These nucleot ides can b ind to the P2X and P2Y group of  receptors,  resul t ing in
act ivat ion or  conversely inact ivat ion of  ce l ls .  However,  the local  expression pat tern
and kinetics of these receptors at sites of inflammation are not known, Therefore, we
have studied the expression of  the P2 receptors expressed by in f lammatory cel ls  or  by
cel ls  in  the vasculature in  chapter  6,  In  the vasculature,  the expression of  P2X7R,
P2Y1R, and P2Y2R increase unt i l  day 2.  The expression of  P2X7R and P2Y1R on
macrophages and g iant  ce l ls  increased ur ing the course of  the in f lammatory react ion
which was studied for  21 days.  The expression of  the P2Y2R on macrophages and
giant  ce l ls  ins ide the fore ign body increases wi th t ime,  whereas the expression on
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macrophages in the surrounding t issue is  maximal  at  day 5.  The expression of  P2X1R
remains at  a constant  low level .  The upregulat ion of  P2X7R, P2Y1R, and P2Y2R over
t ime suggests a regulatory funct ion for  these receptors in  in f lammat ion.  Inhib i t ion of
these receptors dur ing the FBR could prove thei r  ro le in  th is  response.
In chapter 8 the results presented in this thesis are discussed. This thesis shows that
the outcome of  the dynamic n iche of  the FBR strongly d i f fers between implant
locat ions and between species.  Depending on the locat ion of  implantat ion PMNs,
macrophages and g iant  ce l ls  are centra l  determinants of  the FBR. Giant  ce l ls  showed
to express h igh levels of  cytok ines and chemokines,  and th is  expression pat tern was
adapted in response to the biomaterial encountered. We shows that despite a stronger
pro- inf lammatory n iche in mice than in rats ,  g iant  ce l ls  (or  macrophages for  that
mat ter)  in  mice do not  degrade subcutaneously implanted col lagen as is  observed in
rats.  To e luc idate th is  future research has to focus on the d i f ferences in  MMP
expression (especia l ly  MMPS and MMP9) observed.  Knowledge of  the local
in f lammatory n iche induced by a b iomater ia l  posi t ioned in the in f lammatory response
due to t issue damage opens the way to develop smart  (e.9.  factor  based) mater ia ls
which wi l l  funct ional ly  regenerate t issues and of fer  many possib i l i t ies for  fu ture
reqenerat ive medic ine.
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